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Summary
Introduction:  The  present  study  reports  the  development  of  a  CT  assessment  protocol  for  Teres
Minor (TM)  trophicity.
Hypothesis:  Quantitative  reproductible  Terres  Minor  assessment  on  CT  estimates  the  inﬂuence
of muscle  trophicity  on  the  clinical  and  radiological  results  of  palliative  treatment  of  irreparable
rotator cuff  tear.
Materials  and  method:  An  anatomic  study  of  30  cadaveric  shoulders  conﬁrmed  a  constant
anatomic  relation  between  Terres  Minor  and  the  inferior  pole  of  the  glenoid  cavity.  This  land-
mark was  used  to  develop  a  novel  CT  assessment  of  TM  trophicity.
Results:  The  CT  assessment  showed  excellent  inter-  and  intra-observer  reproductibility.  The
protocol deﬁnes  a  trophicity  index,  T2/G  (T2  being  TM  thickness  on  axial  CT  slice,  and  G
the maximum  glenoid  cavity  thickness  on  axial  slice),  enabling  reproductible  TM  analysis  on
preoperative  arthro-CT.
Conclusion:  The  study  validated  the  CT  protocol,  allowing  application  in  pre-  and  postoperative
assessment  of  irreparable  rotator  cuff  tear.
Level  of  evidence:  Level  IV.  Retrospective  study.
© 2013  Elsevier  Masson  SAS.  All  rights  reserved.
dIntroductionThe  infraspinatus  muscle  provides  external  rotation  and  low-
ering  of  the  humeral  head  [1,2];  fatty  inﬁltration  plays  a
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http://dx.doi.org/10.1016/j.otsr.2012.10.019etermining  role  in  the  functional  and  anatomic  result  of
otator  cuff  surgery  [3,4].  Tearing  or  major  fatty  inﬁltra-
ion  of  the  infraspinatus  impacts  active  shoulder-to-body
xternal  rotation;  with  the  arm  in  abduction,  on  the  other
and,  external  rotation  may  be  conserved  if  Teres  Minor  (TM)
rophicity  is  adequate  [5].  Walch  et  al.  and  Boileau  et  al.
howed  that  TM  trophicity  impacts  arthroscopic  treatment
f  rotator  cuff  tears  too  great  to  be  repaired  by  tenotomy  of
served.
4 C.  Szymanski  et  al.
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of  slice  choice,  TM  thickness  and  glenoid  diameter  was
assessed  from  two  successive  readings  by  each  observer  at  a
1-month  interval.  Fatty  inﬁltration  of  TM  was  also  assessed50  
he  long  head  of  the  brachial  biceps  [6,7].  The  deleterious
ffect  of  fatty  inﬁltration  of  TM  on  reverse  arthroplasty  [8]
nd  latissimus  dorsi  ﬂaps  [9]  has  been  demonstrated.  Walch
t  al.  recommended  a  method  of  qualitative  TM  assessment
n  four  grades  (normal,  hypertrophic,  atrophic  or  absent)
ccording  to  muscle  thickness  on  transverse  CT  slices,  tak-
ng  normal  thickness  to  be  equal  to  approximately  half  the
nteroposterior  diameter  of  the  glenoid  cavity  [6,10].
The  present  study  developed  a  method  of  precise  and
eproductible  CT  analysis  of  TM  trophicity.
aterial and method
s  a  ﬁrst  step,  an  anatomic  study  determined  the  relations
etween  TM  and  the  posterior  part  of  the  glenoid  cavity,
n  30  cadaveric  shoulders  from  11  males  and  seven  females
mean  age,  71  years).
Dissection  was  performed  in  the  anatomy  and  organo-
enesis  laboratory  of  the  Medicine  Faculty  of  Lille  (France).
pecimens  were  preserved  in  formaldehyde.  Scapulo-
umeral  units  were  removed  by  median  sagittal  section
ithin  the  scapula  and  transverse  section  of  the  humerus.
nly  the  rotator  cuff  muscles  were  conserved.  The  glenoid
avity  was  approached  by  raising  the  subscapularis  muscle,
nd  the  inferior  pole  was  freed  from  the  triceps  insertion,
apsuloligamentous  complex  and  labrum,  then  landmarked
y  a  needle  tangential  to  the  inferior  pole  (Fig.  1).  The  TM
as  in  all  specimens  easy  to  distinguish  from  the  infraspina-
us  muscle.  The  inferior  edge  of  the  glenoid,  marked  by  the
eedle,  projected  over  the  TM  muscle  body  in  neutral  rota-
ion  in  all  specimens.  Mean  TM  height  was  26.4  mm  (±3.4;
ange,  15  to  30  mm);  mean  distance  between  the  superior
nd  inferior  limits  of  the  TM  and  the  inferior  pole  of  the
lenoid  was  respectively  12.2  mm  (±2.5;  range,  7  to  17  mm)
nd  14.1  mm  (±2;  range,  8  to  17  mm).
These  anatomic  data  conﬁrmed  that  TM  was  in  all  cases
n  neutral  rotation  with  respect  to  the  inferior  pole  of  the
lenoid  cavity,  thus  allowing  the  CT  trophicity  assessment
rotocol  to  use  the  latter  as  landmark  on  axial  slices  in  neu-
ral  rotation:  the  muscle  behind  the  lowest  axial  glenoid
lice  was  systematically  the  TM.
The  second  step  of  analysis  tested  the  inter-  and
ntra-observer  reproductibility  of  the  CT  assessment
igure  1  Posterior  view  of  left  Teres  Minor.  Needle  positioned
t inferior  pole  of  glenoid  cavity.
o
Figure  2  Teres  Minor  thickness  on  axial  slice  T2  in  neutral
otation  at  inferior  pole  of  glenoid  cavity.
etrospectively  on  40  scans  from  40  patients  operated  on
etween  2000  and  2005  by  arthroscopic  tenotomy  of  the  long
ead  of  the  brachial  biceps  tendon  for  massive  irreparable
otator  cuff  tear.  Four  observers  with  varying  surgical  expe-
ience  (1  senior  professor,  1  assistant  senior  registrar  and  2
nterns)  performed  CT  analysis  on  a  set  protocol.  CT  slices
ere  all  in  neutral  rotation.  A  transverse  slice  (T2)  just
nder  the  glenoid  cavity  was  preselected  as  reference,  and
he  slices  immediately  above  and  below  were  designated  T1
nd  T3  respectively.  On  each  image,  the  observer  traced  the
angent  to  the  bone  crest  of  the  infraspinatus  fossa  parallel
o  the  TM  axis.  Maximum  TM  thickness  was  then  measured  on
lices  T1,  T2  and  T3,  tracing  the  perpendicular  to  the  tan-
ent  of  the  bone  crest  of  the  infraspinatus  fossa  (Fig.  2).
he  observer  then  selected  the  transverse  slice  showing
he  greatest  anteroposterior  endocortical  glenoid  diame-
er  (G)  (Fig.  3).  Inter-  and  intra-observer  reproductibilityn  the  Goutallier  and  Bernageau  classiﬁcation  [11]  at  both
igure  3  Parameter  G:  endocortical  glenoid  cavity  diameter.
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Table  1  Interobserver  reproductibility:  Pearson  linear  correlation  coefﬁcient  between  measurements  made  at  1  month’s
interval for  each  observer  (signiﬁcant  on  Student  t  test  at  P  <  0.0001).
NT2  T1  T2  T3  G
Observer  1  0.99987  (F  =  0.99)  0.97178  (F  =  0.97)  0.97747  (F  =  0.97)  0.97197  (F  =  0.97)  0.80853  (F  =  0.81)
Observer 2 0.99971  (F  =  0.99) 0.97641  (F  =  0.97) 0.9711  (F  =  0.96)  0.97265  (F  =  97)  0.98152  (F  =  0.98)
Observer 3 0.99985  (F  =  0.99) 0.98001  (F  =  0.98) 0.97789  (F  =  0.97) 0.98328  (F  =  0.98)  0.91386  (F  =  0.92)
Observer 4 0.99998  (F  =  0.99) 0.97188  (F  =  0.97) 0.97497  (F  =  0.96) 0.96529  (F  =  0.96) 0.98155  (F  =  0.96)
ference; G: glenoid cavity diameter.
Table  3  Postoperative  data  according  to  normal  or
atrophic  teres  minor  status.
TM  trophicity  (T2/G)  SASa Hamadaa
<  0.75  (atrophy) 3.1  ±  1.3 2.7  ±  0.8
> 0.75  (normal  aspect)  7.2  ±  1.1  1.1  ±  0.3
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time-points.  Inter-  and  intra-observer  correlations  were
analyzed  by  Pearson’s  linear  correlation  coefﬁcient  and
Fermanian’s  coefﬁcient.  Interobserver  concordance  was
calculated  on  Fleiss’s  method.  Fatty  inﬁltration  grade  repro-
ductibility  was  assessed  on  the  non-parametric  Wilcoxon
test.
Each  radiology  ﬁle  contained  pre-  and  postoperative  (1
year)  AP  and  lateral  shoulder  views.  Subacromial  space  and
Hamada-Fukuda  [12]  osteoarthritis  grades  were  noted  to
test  for  any  correlation  between  them  and  the  T2/G  TM
trophicity  index.
The  series  of  40  arthro-CT  scans  included  25  females
and  15  males,  with  a  mean  age  of  68.3  years;  the  domi-
nant  side  was  involved  in  27  cases.  Preoperative  arthro-CT
with  2—3  mm  consecutive  slices  was  available  in  all  cases,
allowing  measurement  of  T2,  G  and  T2/G.
Results
Reproductibility
CT  measurement  reproductibility  was  very  satisfactory.
There  were  no  signiﬁcant  Interobserver  differences  in
reference-slice  choice  (‘‘NT2’’  in  Table  1),  TM  thickness  on
slices  T1,  T2  and  T3  (Table  1),  or  glenoid  cavity  size  (‘‘G’’
in  Table  1).
The  Fermanian  intra-observer  reproductibility  coefﬁ-
cient  was  very  satisfactory:  systematically  greater  than
0.91.  There  was  no  observer  effect,  and  good  Interobserver
concordance  on  the  Fleiss  method,  with  kappa  systemati-
cally  greater  than  0.8.
Fatty  inﬁltration  assessment  gave  less  satisfactory
results,  with  two  signiﬁcant  intra-observer  discrepancies,
although  Interobserver  concordance  was  satisfactory.
There  were  no  signiﬁcant  differences  with  regard  to  the
three  TM  thickness  measurements  (on  T1,  T2  and  T3)  by  the
four  observers.
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Table  2  Preoperative  data  according  to  normal  or  atrophic  teres
TM  trophicity  Age  Sex  (%)  FU  (mont
<  0.75  (23  cases)  70  ±  9  ♂:  41  71  ±  31  
> 0.75  (17  cases)  67  ±  7  ♂:  35  65  ±  32  
SAS: subacromial space (mm).
a Signiﬁcant difference between groups (P < 0.05).SAS: subacromial space (mm).
a Signiﬁcant difference between groups (P < 0.05).
T  measurement  results
ean  TM  thickness  (T2)  was  19.1  mm  (range,  8.9—29  mm).
ean  glenoid  cavity  diameter  (G)  was  24.6  mm  (range,
0—29.8  mm).  Mean  T2/G  ratio  was  0.78  (range,  0.35—1.28).
2  and  G  showed  no  correlation,  as  TM  trophicity  varied
etween  specimens.  The  trophicity  index  (T2/G)  correlated
ith  pre-  and  postoperative  subacromial  space  (P  <  0.0001).
ample  size  required  grouping  stages  1—2  and  3—4  into
wo  cohorts  to  analyze  correlation  between  TM  trophicity
ndex  and  Hamada-Fukuda  grade:  two  groups  were  deﬁned
ccording  to  whether  or  not  there  was  a  deterioration  of  at
east  two  grades  between  pre-  and  postoperative  values;  a
igniﬁcant  correlation  was  thereby  demonstrated  between
rophicity  index  (T2/G)  and  both  preoperative  Hamada-
ukuda  grade  (P  <  0.0001)  and  pre-  to  postoperative  grade
volution.  To  determine  a  T2/G  threshold  for  unfavorable
rognosis,  multivariate  principal  component  analysis  was
erformed  on  the  series  of  40  scans  (Fig.  4).  A  T2/G  thresh-
ld  of  0.75  showed  optimal  sensitivity  and  speciﬁcity  in
istinguishing  two  groups  according  to  subacromial  space
nd  change  in  Hamada-Fukuda  grade,  giving  23  patients
ith  T2/G  <  0.75  and  17  with  T2/G  >  0.75.  Tables  2  and  3
resent  the  main  data  for  the  two  groups.  The  T2/G  ratio
ppeared  reliable  and  reproductible,  with  a  ratio  greater
han  0.75  seeming  to  correspond  to  slowed  humeral  head
scension  (by  conservation  of  the  subacromial  space)  and
 minor  status.
hs)  T2/Ga E  SASa Hamadaa
0.51  ±  0.1  5.6  ±  1.6  1.5  ±  0.7
0.98  ±  0.1  7.6  ±  0.9  1  ±  0.2
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in  a  series  of  patients,  whether  a  0.75  threshold  on  thisigure  4  Two  groups  according  to  TM  trophicity:  T2/G  ratio.
igniﬁcant  threshold  value,  0.75.
elayed  osteoarthritic  evolution.  These  preliminary  results
ill  require  closer  clinical  (Constant  score  [13])  and  radio-
ogical  analysis  in  a  subsequent  study.
iscussion
xternal  rotation  of  the  humerus  depends  on  the  infraspina-
us  and  TM  muscles  and  the  posterior  head  of  the  deltoid.
hile  several  authors  have  demonstrated  muscle  force  to
e  directly  proportional  to  physiological  cross-sectional  area
14,15],  other  parameters  such  as  muscular  bundle  penna-
ion  angle  and  lengthening  during  movement  are  equally
mportant.  Langenderfer  et  al.  [16]  reported  that  infraspina-
us  and  TM  force  were  identical  at  10◦ abduction,  whereas
he  latter  was  twice  that  of  the  former  at  60◦ abduction.
uhlman  et  al.  [17],  measuring  isometric  force  in  external
otation  at  varying  degrees  of  abduction,  before  and  after
nterscalene  block,  found  TM  to  account  for  25%  of  external
otation  at  0—30◦ abduction  and  for  50%  at  30—60◦. Thus,
hen  the  infraspinatus  is  functional,  the  TM  can  be  consid-
red  merely  accessory  to  external  rotation,  whatever  the
egree  of  abduction.  In  contrast,  when  the  infraspinatus  is
on-functional,  TM  recruitment  is  greater  when  the  upper
imb  is  in  abduction,  especially  as  the  deltoid  muscle  then
eases  to  contribute  to  external  rotation  [18].  In  the  present
natomical  study,  the  TM  muscle  body  could  be  identiﬁed
nd  separated  from  the  infraspinatus  in  all  cases,  being
lways  distinguished  by  a  posterior  and  inferior  fascia.  The
natomic  relation  between  the  TM  and  the  inferior  pole  of
he  glenoid  cavity  was  constant,  enabling  the  latter  to  serve
s  a  reliable  anatomic  landmark  for  CT  trophicity  analysis  in
eutral  rotation.  CT  slice  level  was  of  variable  precision,  as
orizontal  slices  did  not  necessarily  pass  through  the  inferior
ole;  even  so,  the  superior  and  inferior  limits  of  the  TM  mus-
le  body  lay  on  average  at  more  than  10  mm  from  the  inferior
ole,  so  that  imprecision  of  level  (2—3  mm)  was  not  enough
or  horizontal  slices  to  pass  above  or  below  the  muscle.  Thus, muscle  facing  the  posterior  side  of  the  inferior  pole  of
he  glenoid  cavity  can  safely  be  taken  to  be  the  TM.  Muscle
hickness  measurements  on  three  adjacent  slices  (T1,  T2
nd  T3)  were  not  signiﬁcantly  different,  although  thickness
t
i
sC.  Szymanski  et  al.
as  not  assessed  according  to  subacromial  distance.  The
adaver  study  found  a mean  TM  body  height  of  26.4  mm,
o  that  a  few  millimeters’  humeral  ascension  would  not
ffect  the  relation  of  TM  to  the  glenoid  cavity.  Tracing  the
angent  to  the  infraspinatus  bone  crest  was  sometimes  com-
licated  by  the  presence  of  contrast  medium,  and  the  TM
xis  could  not  always  be  easily  located.  The  posterior  limit
f  TM  was  sometimes  confused  with  the  anterior  limit  of  the
eltoid.  Despite  these  possible  sources  of  error,  however,
nter-  and  intra-observer  reproductibility  was  very  satisfac-
ory,  allowing  this  CT  analysis  to  be  used  to  assess  muscle
rophicity  impact.  Clinical  analysis  using  trophicity  criteria
ould  be  of  interest,  and  will  be  the  subject  of  a  subsequent
tudy.
Mean  endocortical  glenoid  cavity  diameter  in  the  present
eries  was  24.6  mm,  close  to  the  ﬁndings  of  Bicknel  et  al.
22.9  mm)  [19]. It  was  signiﬁcantly  greater  in  males,  and
orrelated  with  teres  minor  thickness,  while  the  T2/G  ratio
as  independent  of  sex,  age  and  dominance.
The  arthro-CT  study  of  40  arthroscopic  brachial  biceps
enotomy  patients  with  irreparable  rotator  cuff  tear  found
 signiﬁcant  correlation  between  TM  trophicity  and  post-
perative  radiological  results:  deterioration  in  subacromial
pace  height  and  Hamada-Fukuda  grade  was  observed  below
 trophicity  index  threshold  of  0.75.  These  ﬁndings  con-
rm  those  of  Walch  et  al.  [6]  and  Boileau  et  al.  [7]  of
 signiﬁcant  relation  between  TM  atrophy  and  palliative
rthroscopy  results  in  non-repaired  rotator  cuff  tear.  The
resent  ﬁndings  also  conﬁrmed  the  lowering  action  of  TM
n  the  humeral  head  reported  in  experimental  studies  [20].
hen  the  TM  trophicity  index  was  less  than  0.75,  change  in
amada-Fukuda  grade  at  follow-up  was  greater.  In  absence
f  a  functioning  infraspinatus  muscle,  conserved  TM  trophic-
ty  may  thus  be  considered  as  slowing  disalignment  of  the
umeral  head.
The  present  CT  assessment  method  should  enable  poten-
ial  recovery  of  lateral  rotation  after  reverse  arthroplasty
o  be  foreseen.  This  aspect  was  previously  raised  by
imovitch  et  al.  [8],  who  reported  a negative  impact
f  fatty  inﬁltration  of  TM  on  active  external  rotation  in
2  patients  undergoing  reverse  arthroplasty,  with  a  min-
mum  2  years’  follow-up;  the  study  was  mainly  based
n  sagittal  MRI  slices,  on  which  there  was  good  intra-
bserver  agreement  on  the  degree  of  fatty  inﬁltration.  Thus,
he  present  T2/G  ratio  seems  more  reliable  and  repro-
uctible  than  subjective  assessment  of  amyotrophy  or  fatty
egeneration.
onclusion
n  the  basis  of  a  preliminary  anatomical  study,  a  CT  method
f  TM  trophicity  measurement  showed  excellent  intra-and
nterobserver  reproductibility.  Application  in  a  series  of
atients  undergoing  palliative  brachial  biceps  tenotomy  for
rreparable  rotator  cuff  tear  conﬁrmed  the  undeniable  pro-
nostic  interest  of  TM  trophicity  with  respect  to  1-year
adiology  results.  Further  study  should  seek  to  determine,rophicity  index  is  predictive  of  better  postoperative  clin-
cal  results  after  arthroscopic  rotator  cuff  repair  or  reverse
houlder  arthroplasty.
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